This study investigates the linearity and stationarity properties of government bond returns for the G7 economies. Our results from Luukkonen et al. (1988) linearity test reveal the nonlinear nature of all of the G7 bond returns. Furthermore, we had determined that they are stationary by the Kapetanios et al. (2003) nonlinear unit root test. In sum, it can be concluded that G7 government bond returns are stationary but possess a nonlinear feature. Our findings provide useful information for researchers interested in bond markets.
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I. Introduction
The bond market is a segment of the capital market of interest bearing securities and plays an important role in the world financial system. On one hand, the bond market facilitates the government implementing indirect instruments of monetary policy. Central banks in general, absorb and inject liquidity through the purchase and sale of government bonds. On the other hand, it helps the economy by improving the efficiency of overall economic management through expanding the range of opportunities to financing large scale projects. Besides, bond has been initially viewed by investors as a good substitute for stocks for balancing of portfolio of assets.
Due to its importance, many researchers have studied the bond market and its relationship with other financial markets. For example, since the seminal work by Markowitz (1952 Markowitz ( , 1959 which clearly addresses the importance of stock-bond correlation in constructing the optimal portfolio, many papers have been done to examine the co-movements between stock and bond markets. Some researchers provide empirical evidences on positive correlation among stocks and bonds (for example, Keim and Stambaugh (1986) , Campbell and Ammer (1993) , and Kwan (1996) ). On the other hand, others find the correlations between bond and stock is negative ( see, for instance, Gulko (2002) , Connolly et al. (2005) and Baur and Lucey (2006) ), while Alexander et al. (2000) find mixed sign correlations.
Besides the analyses of relationship between stock and bond markets, a few researchers also investigate the relationship among international bond markets. For example, Ilmanen (1995) uses a linear regression model with local and global instruments to forecast the excess returns of long-term international bonds. The world factors turn out to be the most important factors. Clare and Lekkos (2000) investigate the interaction between the US, UK, and German bond markets in a VAR model. Driessen et al. (2003) investigate the common factors in the US, German and Japanese bond markets using principal components analysis. They find that the positive correlation between bond markets is driven by the term structure levels (both world and local), not by the term structure slopes. Laopodis (2004) applies a VAR model to describe the long-term bond returns of eight countries. He finds that markets have become more integrated through the 1990s. Hunter and Simon (2005) investigate the relationships between the major world bond markets. Recently, Christiansen (2007) analyzes the volatility spillover from the US and aggregate European bond markets into individual European bond markets. She finds, for EMU countries, the US volatility spillover effects are rather weak whereas the European volatility-spillover effects are strong.
Interesting enough, though many researchers have investigated related issues on bond markets, there is no formal statistical test on the nonlinearity in the bond returns being studied. Recently, a large amount of evidence of nonlinearity has been found in many economic and financial time series.
1 In addition, various studies have demonstrated that 2 adopting linear methods will lead to incorrect statistical inference when the data are governed by nonlinearity; see, for example, Liew et al. (2003) and Liew et al. (2004) , Kapetanios et al. (2003) , and others. In particular, if the linear framework is found to be inadequate, the results of conventional linear unit root tests will then lose their power, and thus, any conclusion based on these tests could be misleading. As such, the robustness of the findings from the above-mentioned studies on the relationship among bonds, stocks and other macroeconomic factors is crucially hinged on the linearity property of the bond returns. Motivated by an enthusiasm to fill in the gap in the literature, we have conducted this study to determine the linear property and meanreverting tendency of returns for various government bond indices in the G7 economies.
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The reminder of this study is organized as follows. Section II discusses the linearity test and various unit root tests under assumptions of both linearity and nonlinearity. This is followed by the description of the data being used in our study in Section III. Section IV presents our empirical results while concluding remarks are given in the final section.
II. Methodology
The mean-reverting tendency of a financial time series may be scrutinized by unit root tests. Briefly, if a series exhibits a stationary time series property, it is said to be meanreverting. In this regard, the conventional Dickey-Fuller-type unit root tests (DickeyFuller, or DF, test, augmented Dickey-Fuller, or ADF, test , ADF test with GLS detrended series, or ADF-GLS) are popularly applied to check whether a series is stationary. Recently, the nonlinear version of Dickey-Fuller-type unit root tests from Kapetanios et al. (2003) , the KSS test, is also available for the same purpose. There is evidence (Kapetanios et al., 2003 showing that the linear Dickey-Fuller-type unit root tests have weaker power than their nonlinear counterparts in correctly identifying a stationary series if the series exhibits nonlinearity. In this respect, it is imperative to first determine the linear nature of the time series. A commonly used formal test for this purpose is the Luukkonen et al. (1988) linearity test.
Linearity test
In this study, we first adopt the following Luukkonen et al. (LST) (1988) test to examine whether the returns of bond indices being studied in this paper possess any nonlinear features:
where t y = 100*ln(I t /I t-1 )% is the percentage log-difference return of a bond, in which I t is the bond return index at time t, the parameters k and d are the optimal autoregressive order and the optimal delay lag length respectively, 3 and t u is the stochastic error term.
In Equation (1), the null hypothesis is that t y is a linear time series (that is,
, for all i's), whereas the alternative hypothesis postulates that t y is a nonlinear time series (that is, at least one  is non-zero). The decision on whether t y is linear can be made based on the p-value of the F-type test statistic of restriction. The decision rule is to reject the null hypothesis of linearity, and hence favoring the alternative hypothesis of nonlinearity, if the p-value or marginal significance value (msv) of the test statistic is less than a conventional significance level (Baum et al., 2001) .
Nonlinear unit root tests
Recently, there has been empirical evidence (for example, van Dijk and Franses (2000), Sarno (2000) , Baum et al. (2001) , Kapetanios et al. (2003) , Liew et al. (2003) , Shively (2005) , Baharumshah and Liew (2006) , and Baillie and Kilic (2006) ) that shows that financial time series are mostly nonlinear in nature. To cater for nonlinearity, Kapetanios et al. (2003) propose to first estimate the following nonlinear autoregressive process: 
where y t is the series of interest, and then check for the significance of 
III. Data of Study
The data used in this study consist of the daily J.P. Morgan government bond return indices of G7 economies, namely, Canada (CN), France (FR), Germany (BD), Italy (IT), Japan (JP), the United Kingdom (UK), and the United States (US). All sample data are collected from DataStream International and denominated in US dollars. All sample data end at May 8, 2009, but the starting period varies across countries due to availability. For Canada, the United Kingdom and the United States, the samples start at 4 January 1, 1985, whereas France, Germany and Japan start at January 1, 1986. As for Italy, the data start at October 1, 1993. In addition, daily bond returns of various maturity periods, including 1 to 3 years, 3 to 5 years, 5 to 7 years and 7 to 10 years, are analyzed in this study. The descriptive statistics for these daily returns are shown in Table 1.   5 It is observed from Table 1 that means of daily bond returns for all the G7 countries are positive across all maturity periods, with the exception of 3-to 5-year bonds. The means of daily returns on the 1-to 3-year government bonds for Canada, France, Germany, Italy, Japan, the UK and the US are 0.0290%, 0.0349%, 0.0287%, 0.0253%, 0.0223%, 0.0332%, and 0.0238%, respectively.
6 Hence, the 1-to 3-year bonds of France appear to have generated the highest mean returns, while Japanese bonds register the lowest mean returns. The standard deviations of the 1-to 3-year bonds for the G7 countries are, in the same order, 0.4977%, 0.7029%, 0.7146%, 0.6371%, 0.7517%, 0.7094%, and 0.1428%, respectively. This suggests that among all of the G7 1-to 3-year bonds, France has the riskiest bonds, while US bonds carry the lowest risk. It is noted that French bonds are about 5 times riskier than those of the US, but the mean returns of the French bonds is only 1.5 times more than that of the US bonds. This implies that investors in US bonds are exposed to the least risk. On the other hand, based on the computed coefficients of variation, for the same unit of return, investors in Japanese bonds expose themselves to the highest risk among all of the 1-to 3-year bonds.
As for the 5-to 7-year bonds, the means of daily returns in descending order are 0.0375% (UK), 0.0371% (France), 0.0356% (Canada), 0.0337% (Germany), 0.0325% (Italy), 0.0309% (US.), and 0.0290% (Japan). The ranking of the countries according to the coefficients of variation (C.V.) in ascending order is US. (11.0680), Canada (16.3371), France (19.5013), UK (20.8427), Italy (22.3723), Germany (22.4510) and Japan (27.8517). This implies that an investor investing in Japanese bonds has to assume more than double the risk compared to an investor investing in the US bonds, for every percent of return obtained. The same ranking based on coefficients of variation is also observed for the 7-to 10-year bonds: US (13.2360), Canada (17.1057), France (19.6969), UK (21.5979), Italy (22.3255), Germany (23.8952), and Japan (27.4662). In sharp contrast to bonds of other maturity periods, negative daily mean returns are observed for the 3-to 5-year bonds for all of the G7 countries. The daily losses on these bonds range from 0.0262% (Japan) to 0.0353% (UK). Overall, we find that the US government bond market has the least risk for its investors and the market risk is substantially lower than others across all maturity periods, while the government bond market in Japan has the highest risk across all maturity periods. 
IV. Empirical Findings
We first adopt the Luukkonen et al. (1988) test to examine the nonlinear features of the returns of all the bonds and summarize the results in Table 2 . From the p-values of the test statistics, which are all well below 0.05 with one exception, it is obvious that all of the bond returns across various maturity periods and countries exhibit a nonlinear nature, with the exception of the US 7-to 10-year bonds, for which the null hypothesis of linear returns can be rejected marginally at the 10% significance level (the corresponding pvalue is 0.1026). This finding of nonlinear bond returns is in line with other recent studies that have found nonlinearities in financial market variables, such as interest rates (Baharumshah et al., 2008; Shively, 2005; Kapetanios et al., 2003; Bachmeier, 2002) , exchange rates (Pérez-Rodríguez et al. 2009; Liew 2003; Liew et al., 2003; Liew et al. 2004; Taylor et al., 2001 and many others) and stock returns (Lim and Liew, 2007; Narayan, 2006; Shively, 2003) . Thus, in determining the mean-reverting behavior of bond returns, one should avoid using the traditional linear stationary tests because these tests disregard the presence of nonlinearity and could yield deceptive conclusions. Moreover, nonlinear framework deserves consideration in the construction of term spread using government bonds.
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Given that the underlying seven bond return series have a nonlinear nature and to circumvent the limitation of applying the traditional linear stationary test, we proceed to adopt the Kapetanios et al. (2003) nonlinear unit root test to investigate the meanreverting property of the bond series 9, 10 . The results, which are reported in Table 3 , for the 1-to 3-year G7 bonds, the t-statistics obtained from the nonlinearity stationary test are all smaller than the critical values at 1% significance level, implying the rejection of the null hypothesis of the non-stationarity of the nonlinear G7 bond return series. Similar findings are found for other maturity periods. Overall, it can be concluded that all the G7 bond returns are nonlinear stationary across various maturity periods. Luukkonen et al. (1988) for more information on the test statistics. Notes: The 1% null critical values for both KSS tests are -3.48 (de-mean) and -3.93 (de-mean and de-trend), respectively (Kapetanios et al., 2003) .
V. Conclusions Linearity and stationarity are two important and basic properties of a time series. This study applies the formal linearity tests introduced by Luukkonen et al. (1988) to examine the linear property of bond returns for the G7 economies. Our results reveal that all of the G7 bond returns are nonlinear in nature, which suggests that previous analysis results using linear approach such as linear regression model and linear VAR model should be interpreted with caution.
12 Further analyses based on the recently formulated nonlinear stationary KSS test (Kapetanios et al. 2003) show that all of the bond returns are exhibiting nonlinear mean-reverting behavior. Our results provide useful information for researchers interested in bond markets.
